A solid mass arising from the mammary gland was found in a 7-year-old female cynomolgus monkey. Histologically, the mass consisted of 2 components: spindle-shaped or ovoid sarcomatous cells and squamous epithelial cells. Metastatic nodules noted in the lung, liver and the gallbladder had the same histological features as the mammary mass. Immunohistochemistry revealed that the sarcomatous cells were positive for alpha-smooth muscle actin (α-SMA), vimentin, calponin, S-100 protein, epithelial membranous antigen (EMA), cytokeratin (large spectrum) and cytokeratin 14 (CK 14) in the cytoplasm, and p53, erbB-2 and progesterone receptor in the nuclei, but negative for desmin and estrogen receptor. The squamous epithelial cells were positive for EMA, cytokeratin (large spectrum) and CK 14, but negative for the rest. Both sarcomatous and squamous epithelial components were negative for glial fibrillary acidic protein (GFAP). Based on histological and immunohistochemical features, the present case was diagnosed as a malignant myoepithelioma with a squamous epithelial component in the mammary gland with distant metastases.
INTRODUCTION
There have been about 30 reported mammary gland neoplasms occurring in nonhuman primates (1, 2, 6, 7, 9, 10, 14, 21, 23) . However, there have been no documented cases of malignant myoepithelioma in the mammary gland of cynomolgus monkeys. In humans, tumors of myoepithelial origin are very rare. Some are comprised of pure myoepithelium (3, (17) (18) (19) 22) , some are accompanied by ductal or glandular elements and are designated as adenomyoepitheliomas (4, 11, 13, 15, 16, 18, 20, 25, 26) , and others are a combination of both (5) .
We encountered a curious spontaneous neoplasm arising from the mammary gland of a 7-year-old female cynomolgus monkey. This report describes the macroscopic, histologic, and immunohistochemical features of the neoplasm, which is the first documented case of malignant myoepithelioma accompanied by a squamous epithelial component in the mammary gland of a cynomolgus monkey. approximately 108 g/day] and free access to tap water were provided to the animal. Animal rearing and treatment were in accordance with the Guidelines for Animal Experimentation published by the Japanese Association for Laboratory Animal Science (12) . A solitary, firm, palpable subcutaneous mass was found in the right mammary region. The overlying skin was ulcerated and covered by a scab. The animal was humanely euthanized by overdose with sodium pentobarbital.
MATERIALS AND METHODS
Tissues from the tumor mass, liver, lung, gallbladder, and other organs were fixed in 10% neutral buffered formalin, sectioned routinely, and stained with hematoxylin and eosin. Paraffin embedded sections from the tumor mass were also stained with α-SMA (dilution 1:50, Dako, Japan), vimentin (ready-to-use, IMMUNON, USA), desmin (ready-to-use, Dako, USA), cytokeratin of large spectrum (ready-to-use, Immunotech, France), cytokeratin 14 (dilution 1:10, Biomeda, USA), calponin (dilution 1:200, NeoMarkers, USA), EMA (dilution 1:10, Biomeda, USA), S-100 protein (ready-to-use, IMMUNON, USA), p53 (dilution 1:50, Dako, Japan), erbB-2 (dilution 1:1000, NICHIREI), estrogen receptors (dilution 1:200, Dako, Japan), progesterone receptors (dilution 1:200, Dako, Japan), and GFAP (ready-to-use, Ventana Medical Systems, USA). Negative controls consisted of substitution of 1% bovine serum albumin diluted with phosphate-buffered saline (pH 7.2) for the primary antibody.
RESULTS
Macroscopically, a 4 × 2 × 2 cm partially encapsulated mass from the right mammary area was present. On cut surface, the tumor was gray-whitish, solid, firm in consistency, with focal necrosis and hemorrhage. In addition, small whitish nodules were noted in the liver, lung, and gallbladder. However, lymph node enlargement was not present.
Histologically, the tumor had a predominant solid growth pattern, consisting of sarcomatous and epithelial components. (Figure 1) . The grossly noted small nodules in the lung, liver, and gallbladder had the same histologic features as those of the mammary mass. Metastasis to the axillary lymph nodes was not present. Focal necrosis, hemorrhage and invasion of tumor cells into the adjacent tissue were noted. Fibrous connective tissue stroma was observed between the sheets of the tumor cells, but no myxoid or chondoid areas were present. A few mammary acini and compressed ducts were noted within the periphery of the mass. Immunohistochemically, the sarcomatous component showed diffuse, strong positivity for α-SMA and vimentin in the cytoplasm (Figures 2 and 3 ity for p53 (Figure 9 ), and progesterone receptor in the nuclei (Figure 10 ). On the other hand, the sarcomatous component was negative for desmin, GFAP, and estrogen receptor. The squamous epithelial component was strongly positive for cytokeratin (large spectrum, Figure 6 ) and CK 14 (Figure 7) , faintly positive for EMA ( Figure 5 ), but negative for the remaining immunohistochemical stains.
DISCUSSION
About 30 cases of spontaneous mammary gland neoplasms have been reported in nonhuman primates (1, 2, 6, 7, 9, 10, 14, 21, 23) . However, none of them were diagnosed as malignant myoepithelioma with epithelial elements. Myoepithelial cells are located normally between the luminal epithelial cell layer and the basal lamina of various secretory structures such as sweat glands, salivary glands, lacrimal glands, Bartholin's glands, and mammary glands. They are contractile cells with smooth muscle components showing microfilaments, fusiform densities, and immunoreactive to actin and vimentin, and epithelial components showing desmosomes, tonofilaments and immunoreactive to cytokeratin. Since origin from the overlying skin adnexal structure or metastasis 552 YANG ET AL TOXICOLOGIC PATHOLOGY from other organs has been excluded by clinical and pathological examination, we considered this tumor arose from mammary gland. Histologically, the tumor mass exhibited dual sarcomatous and epithelial components. Both components were noted in the metastases and considered malignant. The sarcomatous cells were considered to be of myoepithelial origin, since they were positive immunohistochemically for α-SMA, vimentin, calponin, EMA, cytokeratin (large spectrum), and CK 14, and negative for desmin. In the present case, the epithelial component was of a squamous type, which is different from what occurs in humans.
In humans, tumors from myoepithelial cells in the breasts are rare. Some are pure myoepitheliomas (3, (17) (18) (19) 22) , and others are accompanied by ductular or glandular structures, in contrast to the squamous epithelial element seen in this case. The former are classified as benign or malignant adenomyoepithelioma of the breast (4, 11, 13, 15, 16, 18, 20, 25, 26) . In addition, combination of pure myoepithelioma and adenomyoepithelioma in human is even more rare (5) . Epithelial components in tumors arising from myoepithelial cells may demonstrate focal metaplastic change, including apocrine, mucinous, and squmaous metaplasia (8, 18) .
In humans, the tumors of myoepithelial origin were reported to metastasize to the lung (13, 15, 20) , brain (15) , thyroid gland (4), jaw (17) , bone and axillary lymph node (5) , with blood-borne metastases occurring apparently more frequently than lymphatic spread. Similar to cases in humans, the present case also showed blood-borne metastases to lung, liver, and gallbladder, but not to regional lymph nodes.
Positive nuclear immunoreactivity for the tumor suppressor gene and erbB-2, an oncogene product, were also observed in the present case. Overexpression of p53 and amplification of the erbB-2 seemed to be associated with the development of the tumor. Though there is no documented p53 and erbB-2 immunoreactivity in the adenomyoepitheliomas of human breast, immunopositivity for p53 and erbB-2 has been reported in malignant myoepitheliomas of human salivary glands (24) . In addition, the present case exhibited nuclear expression of the progesterone receptor, but not estrogen receptor. Their significance is unknown based on this single case. Study of human cases revealed positive nuclear reactivity of estrogen and progesterone receptors only in the epithelial component (15) , and not in myoepithelial cells (8, 15) .
Differential diagnosis of the present case should, at least, include carcinosarcoma and myoepithelioma with squamous metaplasia. In the case of carcinosarcoma, the sarcomatous cells are of mesenchymal origin and positive for vimentin, but not for α-SMA. Squamous metaplasia implies a benign change rather than a malignant feature, and would not be expected in metastases.
In summary, spontaneous malignant mammary gland tumors are very rare in nonhuman primates. We have documented the first case of spontaneous malignant myoepithelioma accompanied by a squamous epithelial component in the mammary gland of a 7-year-old cymonolgus monkey. Because of the lack of other documented cases, the spectrum of the morphologic and immunohistochemical features of the tumors arising from myoepithelial cells is not completely understood. Additional cases are needed to clarify similarities and differences of malignant myoepithelioma between nonhuman primates and other species.
